Comparison between measurements of insolation from pyranometers mounted on ships and estimates from satellite visible measurements during STREX are presented. In general for both hourly and daily insolation values the comparison is quite favorable. The root mean square (rms) difference between the two measurements of daily insolation was about 13 W m -2. From a detailed analysis of the errors and measurement discrepancies it was found that a large part of the difference between the two estimates of insolation could be due to inaccuracies in the surface measurements, interpolation during periods of radio interference, and ship motion. Comparisons between time-averaged insolation values over periods of about 10 days and limited statistical analysis of the pyranometric time series suggest that, on that time scale, the accuracy of the satellite estimates is of the order of 4 W m -2. Large-scale insolation fields derived from satellite during STREX will be presented in the companion paper (C. Gautier and S. Masse, manuscript in preparation, 1984). estimates made from geostationary satellite data and compare the two types of estimates for both hourly and daily averages. In the second paper (C. Gautier and S. Masse, manuscript in preparation, 1984), the spatial variability of insolation, as derived from the satellite measurements, is presented and discussed. In section two of this paper we describe the in situ measurements, and in section three the method used to derive insolation from visible geostationary satellite measurements is described. In the fourth section we present a comparison of satellite estimates with pyranometer measurements. In section five we discuss the major sources of error within the two estimation systems and the possible sources of discrepancy between the two kinds of estimations. Finally, in the last section the results are summarized, and some conclusions are drawn.
INTRODUCTION
The Storm Transfer and Response Experiment (STREX), which took place in November and December of 1980 in the northeastern part of the Pacific Ocean has been described by Fleagle et al. [1982] . One of the objectives of STREX was to study the magnitudes and spatial scales of the fluxes occurring across the air-sea interface during cyclonic storms --the eventual goal being to develop a model of a "composite" mid-latitude cyclone and the response of the upper ocean to its passage.
Two ships, the Canadian weather ship Vancouver (Station P) and the American research vessel Oceanographer (Station P') were located at 50øN, 145øW, and 50øN, 140øW, respectively, for most of the two phases (day 314 to day 325 and day 335 to day 346) of the experiment, estimates made from geostationary satellite data and compare the two types of estimates for both hourly and daily averages. In the second paper (C. Gautier and S. Masse, manuscript in preparation, 1984), the spatial variability of insolation, as derived from the satellite measurements, is presented and discussed.
In section two of this paper we describe the in situ measurements, and in section three the method used to derive insolation from visible geostationary satellite measurements is described. In the fourth section we present a comparison of satellite estimates with pyranometer measurements. In section five we discuss the major sources of error within the two estimation systems and the possible sources of discrepancy between the two kinds of estimations. Finally, in the last section the results are summarized, and some conclusions are drawn.
INSOLATION MEASUREMENTS FROM SHIPS
During STREX, insolation measurements were made continuously from both ships. At Station P the measurements were made as part of the meteorological surface network using a KIPP model CM6 pyranometer. At Station P' the data were obtained expressly for the STREX program, also with a KIPP model CM6 pyranometer. Hourly and daily measurements for Station P are pub- The Vancouver measurements were made from a gimbaled mount on a boom near mid-ship, while the Oceanographer measurements were made from a gimbaled mount near the bridge. The main difficulty with the in situ data at Station P' was due to the electrical interference by radio transmissions. Examples of a relatively uncontaminated and a contaminated time series are found in Figure 2(a,b) . A redundant estimate of the insolation was obtained by additional measurements of the total irradiance (solar plus terrestrial) with a Schulze pyrradiometer at Station P'. The terrestrial irradiance was also measured independently with an Eppley pyrgeometer, which makes it possible to obtain insolation from the Schulze measurements by substraction (R. Lind and K. Katsaros, manuscript in preparation, 1984). Since difficulties were experienced with the pyrgeometer in STREX, this method was not used. However, during a period when all three instruments were functional, the agreement in shortwave irradiance is 4%. Although it would be preferable to estimate insolation half hourly, economic reasons prevented us from choosing this solution, since it would have doubled the already large costs of data acquisition and processing. The sunrise and sunset times required for this integration were calculated from the navigation information contained in the heading of each GOES digital image file and again are those corresponding to the center of the square. A summary of the results just discussed is presented in It is useful for many purposes to know the typical value of the daily averaged insolation over a certain time period and its accuracy. From our results it is difficult to predict the reduction of uncertainty that can be expected from averaging procedures for the satellite estimates, but the ultimate accuracy of the time-averaged daily value will certainly be better than that found for an individual day. Correlation functions have been calculated for the daily insolation time series at Station P', and near zero values were obtained at 1-day lag and beyond. Therefore, individual daily samples can be considered as independent from each other, and the error reduction introduced by averaging over n days will be close to the square root of n. In the case of a 10-day average the anticipated error reduction would then be about 3. From this limited data set, indica- Because of the frequent damaging interference on the data recordings at Station P' from radio transmission, there are large gaps. These gaps were closed by applying an interpolation scheme as follows. For several data points before the gaps, but excluding the last one, an average atmospheric transmittance r was calculated. Results from Welch et al. [1980] show that the spectral reflectance corresponding to the VISSR wavelengths is within a few percent of the broadband reflectance for most cloud types. Also, the satellite estimates are based on quasi-instantaneous measurements which are averaged over space. Another few percent inaccuracy can be expected from this mismatch in averaging procedures. Furthermore, the ship is considered as fixed in our comparisons, but we have found instances during which a "fixed ship" had moved by no less than 65 km during the day. We have attempted to estimate the range of the discrepancy to be anticipated as a result of ship motion (or equivalently of mislocation) within a highly variable inso- emeas, error in ship measurements, i.e., 10% of measured value (W m-2).
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• Several techniques are available to obtain these two reference points, and we describe below the two methods we have applied, i.e., cross-calibration with a calibrated instrument and calibration with an object (the sun) of known brightness.
The VISSR is actually made of an array of eight detectors having similar response properties and nearequivalent spectral characteristics. Consequently, a mean calibration for the eight sensors is adequate.
Cross-calibration
Cross-calibration is achieved by determining a linear relationship between a set of collated (space and time) radiation measurements from two instruments, and if the characteristics of the instruments are equivalent, no correction is needed. This is, for instance, the case for cross-calibration of two VISSR's or of a VISSR and a spectral radiometer having the same spectral characteristics as 
Calibration Verification
One time calibration of the VISSR does not insure that the calibration is continuously applicable. Consequently, it is necessary to monitor the possible drift of the sensor. If it is assumed that the instrument gain remains stable, then only one single reference need be monitored for offset drift. In-flight and surface based reference measurements need to be accumulated in order to diagnose possible long-term drifts. The data bases require measurements over a known surface and under ideal sky conditions. The STREX experiment was short enough that a few verifications of the calibration were sufficient.
